Seasonal samples of zooplankton were taken during 1997-1999 at fifteen stations in the Salado River basin, and analysed in order to study the rotifer fauna. Spatio-temporal changes in the rotifer plankton composition were examined in the main channel and its tributaries. The majority of species found are tolerant of a wide range of pH, whereas others prefer neutral to alkaline values. The total rotifer plankton density increased downstream from the headwaters to the middle sector of the river. The associated shallow lakes and tributaries were an important source of species. Variations in density and number of species were shown to be associated with conductivity, and species tolerant of high conductivity conditions were especially prevalent (upper 7,000 pS cm-'). Rotifer density was influenced by hydrological conditions, which promoted maximum values during low water periods and in the high water condition promoted the incorporation of species from shallow lakes connected with the river during flood events. The species associations found are related to such water parameters as conductivity and nutrient availability and to the presence of ponds and shallow, waterlogged depressions connected in varying extent to the main channel.
Introduction
One of the most important characteristics of the plankton community in lowland rivers is a significant increase in numerical abundance towards the mouth. This continuous recruitment of organisms is related to the presence of dead zones that are utilised for repro-1. Institute of Limnology <<Dr. R. Ringueletn (CONICET -UNLP), ' AV. Calchaqui km 23.5 1888 Florencio Varela, Argentina. duction and to the incorporation of inocula from lentic environments within the basins (Pourriot et al. 1997 , Astiz & Alvarez 1998 , Akopian et al. 1999 , Reckendorfer et. al. 1999 . Rotifers are an important component of the plankton in lowland rivers in terms of both specific richness and density (Walker 1992 , Adrniraal et al. 1994 , Pourriot et al. 1997 ). This predominance is the result of their rapid reproductive capacity during optimal conditions, their short generation time and their ability to develop large populations in eutrophic environments (Ghadouani et al. 1998 , Gosselain et al. 1998 , Lair et al. 1998 ).
(2)
To date, the study of planktonic rotifers in the rivers and streams of Buenos Aires province is limited to the contributions of Kuczynski (1984) , Modenutti & Claps (1988) and Modenutti (1991 Modenutti ( , 1998 . The rotifers constitute the main zooplankton group in the lowest sector of Salado River, but their abundance is lower than that recorded in a backwater pond. These associated environments act as sources of inocula (Solari et al. 2002) . In this paper, we have performed the first characterisation of the rotifer component of plankton in the Salado River, the main river of the province. Spatio-temporal changes of these plankton components were analysed in the main course as well as in its tributaries. The rotifer assemblages of the Salado River basin were analysed with regard to different geomorphological characteristics and hydrological, physical and chemical conditions.
Sites and methods
The Salado River is a typical lowland river and the major autochtonous river of Buenos Aires province. It is the southernmost tributary of the Rio de la Plata Ba-sin. Its length is approximately 571 km, with a low slope (mean: 0.107 m km-]). Its watershed is approximately 150,000 km2. The basin includes one of the most important agriculture regions of the country. The headwater sector is characterised by the presence of sedimentary aquifers with high sodium chloride concentrations, which originated during arid periods of the Pleistocene. The effects of this are manifest in the presence of saline streams and saline shallow lakes, which determine the salt balance of the Salado River. In the lower basin, the salinity is reduced during flood periods by the influx of runoff water.
Seasonal samples were obtained during the period March 1997 -May 1999 in fifteen locations ( Fig.1) from the headwater sectors to the mouth of Salado river and its main tributaries (Salado, Piiieiro, Saladillo, Saladillo-Vallimanca and Las Flores streams, and an artificial channel : Canal 16).
Temperature ("C), conductivity, pH, dissolved oxygen and turbidity were measured with a Horiba U10 multimeter. The surface velocity of water was measured with floats. Water samples were collected for ana- Fig (APHA 1995) . Zooplankton rotifers were identified and counted after collecting samples from the middle of the course by sieving 100 L of subsurface water on 35 pm mesh and fixing the material retained in 4 % formaldehyde. Rotifers were counted in a 1 m1 Sedgwick-Rafter chamber under a compound microscope. Rotifer identification was based on Koste (1978) , Segers (1995) and De Smet (1996) .
Correlation coefficients were calculated between some physical-chemical parameters and total rotifer densities. For comparison the rotifer assemblages in the Salado River, Jaccard's index was applied with the statistical package included in Ludwig & Reynolds (1988) .
Results
In the headwaters, the river receives important water input from shallow lakes (Gbmez and Carpincho lakes). This sector is characterised by intermediate conductivity values and the highest nutrient concentraa tions. The middle sector is characterised by the maximum average conductivity value and intermediate nutrient concentrations. In this sector, the river is connected with shallow lakes during floods (San Miguel del Monte, Las Perdices and Las Encadenadas ponds, among others). The lower sector presents a diminution of conductivity and lower nutrient concentrations than upstream (Table 1 ). In the mouth sector, the main cour-se is again associated with shallow lakes (San Lorenzo, Esquivel and Las Barrancas, among o*ers) during floods and receive daily influence of the RIO de la Plata estuary. Compared to the main course, the streams of the sub-basin (Las Flores and Saladillo-Vallimanca) show lower values of conductivity (mean: 2,527 @.cm-l) and nutrient concentrations (mean TP 261.5 pg L-I and mean nitrates plus nitrites 270.75 pg L-l).
The Salado River was characterised by alkaline (mean pH: 8.6), oxygenated water (mean dissolved oxygen concentration: 7.7 mg L-l) and a relatively high water temperature (mean: 18.7" C) ( Table 1) .
A total of 63 rotifer species were identified throughout the study period. The family Brachionidae was best represented (17 species), with the Lecanidae coming second (ten species). The following species were found in all sampling stations : Colurella colurus, Filinia longiseta, Keratella tropica, Lepadella ovalis, Polyarthra vulgaris, Proalides sp. and bdelloideans. Colurella colurus, L. ovalis and bdelloideans always presented in low densities. Some species were recorded at all stations except one or two tributaries : Brachionus angularis, B. caudatus, B. plicatilis, B. pterodinoides, B. urceolaris, Pompholyx sulcata, Synchaeta sp., and Trichocerca pusilla. Other species (Brachionus urceolaris nilsoni, Epiphanes sp., Keratella cochlearis, Lecane hastata, Monommata sp., Mytilina mucronata, M. ventralis, and Platyas quadricomis) were unrecorded at headwaters whereas Brachionus satanicus was found exclusively in this sector (Table 2) .
Filinia longiseta var. passa, P. sulcata, and Trichocerca tigris were found only in summer whereas Notholca acuminata, N. squamula, and Monommata sp. occurred only in low temperature periods. . .
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The mean maximum of specific richness for the entire basin was recorded in winter 1997 and summer 1998 (more than 20 species), whereas the minimum occurred in winter 1997 and summer 1997 (six species). The middle river sector had the highest value of specific richness in summer of 1998 (29 species). Moreover, a tributary (Saladillo-Vallimanca stream) showed high values in summer 1998 (24 species) and winter 1997 (28 species). The number of species belonging to Brachionidae increased downstream from the headwaters to the mouth sector, with mean maximum in winter 1997 and spring 1997 (ten and nine species, respectively). Extremely low numbers of species were observed (Fig. 2) in the headwaters in summer of 1997 (two species : B. angularis and B. plicatilis) . The total density was positively correlated with concentrations of total phosphorus in Ruta 30 (r = 0.95, p < 0.05), Las Flores (r = 0.88, p < 0.05) and Belgrano (r = 0.81, p < 0.05). A positive significant correlation was observed with conductivity in tributaries and one of the sampling stations at the middle sector: Saladillo-Vallimanca (r = 0.80, p < 0.05), Canal 16 (r = 0.91, p < 0.05), Las Flores (r = 0.98, p < 0.05) and Gorchs (r = 0.79, p < 0.05) while a negative significant correlation was obtained in Piiieiro stream (r = -0.98, p < 0.05).
According to the faunistic affinities calculated with the Jaccard index, it was possible to identify significant associations among the sampling stations located within the middle sector and also among those in the lower zone. Sampling stations in the middle sector (Achupallas, Ruta 30 and Roque PCrez) formed a group with 70 per cent affinity. These sampling stations have a faunistic affinity with those located at the mouth sector (index values between 0.60 and 0.70). Also, one of the main tributaries (Saladillo-Vallimanca) was associated with stations located in the lower ri-ver sector (values > 0.70). In Las Flores stream, the rotifer composition was similar to that observed in the middle and low sectors of the Salado River as well as those recorded in the headwaters. The Piiieiro stream had the lowest faunistic affinity with all sampled sites (Fig. 3) .
Discussion
The plankton of the Salado River basin is characterised by a high number of rotifer species. The specific richness was found to be higher than other lowland river of the province -Samborombdn River- (Modenutti 1998 ) and environments from Santa Fe province -Sal a d~ River and Santa Fe River -(Jost de Paggi & Paggi 1998). Moreover, it is similar to that reported for the Delta subbasin belonging to the Rio de la Plata estuary basin (Modenutti & Claps 1988) As in these mentioned water bodies, the family Brachionidae has the highest number of species, followed by Lecanidae. The majority of the species of Lecane found are considered euryoic or tolerant to saline conditions (Miracle et al. 1995 , Segers 1995 . Brachionus species and K. tropica were the most abundant rotifers during the study period. The majority of the species found can develop in waters with a wide range of pH, whereas others prefer neutral to alkaline values. Variations in species number and density are associated with the river conductivity, since salinity is a limitation for rotifers (Guisande & Toja 1988 , Green 1993 , Modenutti 1998 . The rotifer populations in the Salado River can tolerate higher conductivity values (upper 7,000 p.S cm-l) than those cited by JosC de Paggi (1989) as harmful for rotifers in lotic and lentic environments of north-westem Argentina. With conductivity values of 7,000 p.S cm-l, B. plicatilis and B. angularis were recorded with others species like K. tropica, Hexarthra fennica, B. caudatus  and B . urceolaris, all of them reported as tolerant to high conductivity or to salinity variations. In this condition, B. plicatilis and B. angularis were abundant, whereas the other mentioned species were less common than in other river sectors with lower salinity values. A decrease in specific richness, total density and the unique presence of B. plicatilis, K. tropica and H. fennica were all observed where conductivity was at its maximum value (1 1,200 p.S cm-l).
The number of species differed between the main river channel and its tributaries, with maximum values in the middle sector and one affluent (Saladillo-Vallimanca stream). The lowest specific richness was recorded in the headwaters. Tributaries such as Pifieiro stream and Canal 16 showed the lowest faunistic affinity with the other sampling stations, because their assemblages were characterised by dominant Lecane and low species diversity respectively. In the Pifieiro stream, the predominance of lecanids (mainly tychoplanktonic) was related to the presence of aquatic macrophytes (Althernantera philoxeroides, Typha sp., Scirpus califomicus) that are favoured by the shallowness of the stream and its low water velocity (average : 0.19 m S-l). The scarcity of rotifers at the Canal 16 station could be related to its relatively high water velocity compared to other sampling stations (mean : 1.3 m S-l).
In the headwaters, the total density was low compared to the other sectors and correlated negatively (non significant) with nutrient availability. This phenomenon could be associated with high nutrient concentrations that favour blooms of non-palatable cyanophyte algae (Neschuk et al. in press) and may therefore reflect anthropogenic impacts on this section of river (Neschuk et al., 2000) . Total density and specific richness both show downstream increases from the head-. waters to the middle river sector, whereas the same two variables decrease from the middle to the mouth. A similar phenomenon was also observed by Pouniot et al. (1997) in the Marne River. where it was attributed to several factors (decrease of food resources, low water conditions and dredging of the channel). In the Salado River. the decrease in rotifer densitv could be related to an increase of slope (0.54 m km-lfin the beginning of the lower sector (downstream of Belgrano station) and the consequent increase in water velocity. Furthermore, the fish predation on plankton (Jerez & Christiansen 1987, Cardone & Caste110 1994) in this sector is enhanced due to the presence of estuarine species such as gray mullet (~u~i l sp). Rotifer density is also influenced by hydrological conditions, which promote maximum abundance during low water periods. In contrast, the decrease of density during flood periods is the result of dilution (Jost de Paggi 1981 , VBsquez & Shchez 1984 , Modenutti & Claps 1988 , Modenutti 1998 , JosC de Paggi & Paggi 1998 . The species diversity reaches a maximum in flood periods and it is reduced considerably during low and middle water periods (VBsquez 1984) . High water conditions promote the incorporation of species from shallow lakes connected with the river during flood events, whereas only the typical riverine species were found during low and middle water conditions.
In agreement with the results obtained by Saunders & Lewis (1988) and Akopian et al. (1999) in other lowland rivers, the associated shallow lakes and the tributaries of the Salado River are an important source of species. This phenomenon is reflected in the increase of specific richness downstream of these shallow lakes and has been reported in other river systems (Jos t de Paggi 1981 , Pourriot et al. 1997 , Astiz & Alvarez 1998 as well as in the lower sector of the Salado River (Solari et al., 2002) . Brachionus angularis, B. budapestinensis, B. calycijlorus, B. caudatus, B. pterodinoides, B. plicatilis and  B. urceolaris are dominant in sections of river with high salinity and nutrient values. This is in agreement with the results of Guisande & Toja (1988) in the Guadalquivir River.
Some perennial species (such as B. caudatus, B. calycijlorus, K. tropica, and E longiseta) are typical of eutrophic environments (Ghadouani et al. 1998 ) and are indicative of the trophic state of the Salado River.
In spite of the lowland river characteristics of the Sal a d~ River, the density of rotifers diminishes abruptly in the lower stretch of the mouth sector. This divergence with the usual potamoplankton pattern could be related to the notable increase of slope, which has the effect of destabilising the whole river sector.
Our results lead us to the conclusions that the rotifer assemblages in the Salado River are associated with the hydrological cycle and the great spatial and temporal heterogeneity of river. The species associations are related to such water parameters as conductivity and nutrient availability, and to the presence of ponds and shallow waterlogged depressions with variable degrees of connectedness to the main channel.
